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1. Introduction. - Increasing attention has been focused recently on composite systems produced in reactions between heavy ions [1] . Measurements of the cross-section for formation of a compound system as a function of energy have been used to explore the fusion barrier [2] and the results have been interpreted in terms of a critical angular momentum [3] or a critical radius [4] beyond which no compound nucleus formation takes place. In heavy and medium-weight composite systems some study has been made of strongly inelastic processes [5, 6] including fission [7] and quasifission [8, 9] which together with complete fusion and direct reactions make up the total reaction cross-section. The strongly inelastic processes become more important with increasing bombarding energy.
The simple method of measuring fusion crosssections in which individual reaction products are not identified [2] encounters serious difficulties if applied to light composite systems since evaporation residues following compound nucleus formation may be confused with products of strongly inelastic collisions. The situation is improved by identification of mass or charge of the products [9, 10] since the energy spectra for fusion products are centered almost exactly around the energy corresponding to the velocity of the recoiling nucleus. Furthermore, data obtained in this way may be compared to fusion evaporation calculations using statistical models. A further considerable improvement is, of course, obtained if charge and mass are identified both from the point of view of statistical model predictions and for the identification of the mechanism responsible for low yield products which may otherwise be obscured by neighbouring isotopes (isotones) .
Up to the present, few articles have appeared in the literature in which complete identification of both mass and charge was made. Apart from the work of the Strasbourg group [11] we know of only one such publication [12] . In this work Weidinger et al. mea- sured energy spectra at angles between 20 and 220 for two reactions : 16O + 160 and 160 + 12 C at an incident 160 energy of 60 MeV. Cross-sections, energy spectra, and angular distributions of the completely identified product nuclei were compared to HauserFeshbach calculations. Overall good agreement was obtained using the level density parameters of Gilbert and Cameron [19] . However the cross-sections for evaporation residues for the lightest nuclei observed
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were not well predicted and the predicted angular distributions were also disappointing. The bombarding energy was low enough so that little contribution was seen from processes other than direct reactions and compound nucleus formation. Nevertheless, from the point of view of the statistical analysis, the results clearly showed the need for complete identification of the products. Furthermore, the double humped structure produced in energy spectra at small laboratory angles due to the evaporated alpha particles would probably not have been observed had only charge been identified.
We report in this paper the first of a series of measurements on the z°Ne + 12C system with complete identification of the reaction products. Some measurements including charge identification already exist [22] at 80 MeV and the elastic scattering has been studied quite extensively [14] . The figure 5 . Identification of the evaporation residue part of the cross-section was made from the form of the energy spectra and angular distributions. This procedure was particularly important for 2°Ne and 24Mg. 24Mg could be produced either by a particle transfer or by fusion followed by evaporation of two alphas or one alpha and four nucleons. The fusion evaporation contribution was centered around the energy corresponding to the velocity of the recoiling compound nucleus. We therefore assumed that the high energy peak in the 24Mg spectrum (Fig. 5c (Fig. 4c) 4 shows that the crosssection rises rapidly and is apparently not characteristic of a fusion evaporation process. In fact, the angular distribution resembles that of deep inelastic reactions seen in other studies [9] . 4 . Analysis. -4.1 PROGRAMME PARAMETERS AND ISOTOPIC DISTRIBUTIONS. - The analysis of our experimental results was carried out using the evaporation code GROGI 2 of Grover and Gilat [13] . The use of this programme which, at each evaporation step, carries out an angular momentum dependent HauserFeshbach calculation has been described in reference [12] . The calculations permit evaporation of neutrons, protons, a particles, and y rays. At each evaporation step the program requires specification of level densities in each daughter nucleus and corresponding transmission coefficients, TI, for particle emission. Widths for dipole and quadrupole y ray emission are also required.
The population in angular momentum space of the compound nucleus was obtained using a sharp cut-off model. Thus the partial cross-sections for compound nucleus formation were taken as a, = 'ltx2(2 I + 1)
for I fcr and a, = 0 for I &#x3E; lrr. The critical angular momentum 1,,r was obtained from the measured fusion cross-section using the same model : The transmission coefficients at each evaporation step for nucleons were calculated using the energy dependent parameters of Becchetti and Greenless [15] .
The a parameters which were assumed to be energy independent, were taken from references [16] and [17] . All [19] and were otherwise extrapolated from the tabulated values. The Yrast energies below which the level density is zero for a given J were either calculated from the formula or for low energies taken from experiment [20] . 6 is the pairing correction tabulated in reference [19] . The parameter was fixed by requiring that the moment of inertia was that of a rigid sphere :
There is some evidence [21] in fusion experiments on light nuclei that the limit to compound nucleus formation at a given excitation energy is given by the Yrast line i.e. ler = lYRAST. Since a measurement of the fusion cross-section for 2°Ne on 12C has been made at 80 MeV [22] we have supposed that the Icr obtained from this work corresponds to 1YRAST at the corresponding excitation energy of 49 MeV. With this supposition we find ro = 1.3 fm.
We remark that the calculations are extremely sensitive to the positions of the Yrast line. Thus a calculation made using the liquid drop moment of inertia [23] failed to account even qualitatively for our data. Essentially this failure was due to high level densities which produce enhanced nucleon emission on the first evaporation step. As can be seen in figure 7 (dotted lines) [24] . Since GROGI 2 does not predict angular distributions, it is necessary to assign some arbitrary angular distribution to each evaporated particle in the chain. Secondly the construction of the resultant center of mass recoil momentum for more than one evaporation is somewhat lengthy and involves introduction of further hypotheses expressing the fact that the evaporations cannot be considered as independant events. These constraints should properly be applied to both the energy and the angular momentum populations.
In this first article we avoid these problems by adopting the philosophy of reference [12] . 
